Arch Girder (Arched Frame) 
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Introduction. 


Thrust Line. (Pressure Line). 


للقطاعات المؤثر علیما ۶ ,4 اذا تخیلنا أنه تم ترحیل القطاع مسافه € عکس اتجاہ ال n0n‏ 


سیکون القطاع المرحل عليه ٥۳٣1 ۴٥۳۴‏ فقط وبالتالی عند تصمیمه سیحتاج ابعاد قطاع 
اقل و کمیه حدید تسلیح اقل . 


+P ¬ +P| 


0 
€= n 7 € 
| 

+P ا‎ vmagiune | + | 

i 

اا 


اذا استطعنا لای ureاcں٣)ء‏ ان نرحل کل قطاعاته عکس اتجاهہ ال "0۳٤۸4۲‏ مسافه € 
سنضمن ان ال e٣uاءں٣‏ ٤ء‏ الجدید کل قطاعاته سیؤٹر علیھا Norma] ۴0۳e‏ فقط . 

و بالتالی تکون ابعاد قطاعاته و کمیات حدید تسلیحه اقل فتکون تکلفته أقل . 

. Pressure Line „Î Thrust Line دıدجلا‎ structure J| و يسمى‎ 


Sec. € 4 e 
P, 1 
e 3 M 1 
Sec. @ €2=— 
Psa 
Sec. & €g= 2 
Pz 
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من المنشأت التی شکلھا نفس Arch Girder JI (Thrust Line) J‏ 
و لان فی هذه المنشأات تکون قیمه ( ۴٥۳۲۲‏ اهاجدهہ) تقریيا ثابته على جميع القطاعات . 


constant 
لذا اذا رسمنا شکل ال (٤٣سuاءu٤5) عکس شکل ال (.8.14.2) یکون هو نفسه‎ 
( Bending moment ) aqle ى ¥ کون‎ (Thrust Line) شكل ال‎ 
. )هماuا‎ ۴٥۴۲ ( و لکن یؤثر عليه فقط‎ 
. و هذه تعتبر ميزه اقتصادیه لان هذا يوفر فى كميات كلا من الخرسانه و حديد التسليح‎ 


2 concentrated loads jùم يحمل اکثر‎ Arch Cirder ال‎ 


F F F F F F F F 


و لکی نضمن أن شکله عکس شکل ال (.8.۸14.2) تماما 
بحت ان تکون النسبه بين h1, h2, h3‏ هی نفس النسبه بین M1. M2. M3‏ 


و مثJ Polygon Frames J|‏ من الصعب أن نأخذ Hinged-Hinged Supports‏ 
فسنضطر ان Îiخi Hinged-Roller Supports‏ ا Arch Cirder‏ مع وضع 11e‏ بینھم . 
و سنأخذ فى الحسابات تأثير ال Extension of 71e‏ 


Extension of Tie 
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Number of Segments of Arch Girder. KE 


Triangular 
Polygon Frame 


2 Segments 
س8.0‎ a 


لی ص.16 ہا 


e % Trapezoitdal 
3S Segments O. Polygon Frame 
لسر وع ا‎ 


IF the span is more than 24 m 


We will need more than 3 Segments, So we will need Arch Girder. 


اا إل 
ى 


4 Segments 5 Segments 


ل لااو پلار 
د 


6 Segments 7 Segments 8 Segments 


ty 


لتحدید عدد الا Seg "er‏ لد Arch Cirder‏ یفضل : 


A + 6.0" ۴ ,- المسافه الافقیه بین ال عا ٥هل لا تزید عن‎ -١ 
مکلفه‎ ۰٥۸ حتی لا تکون البلاطه ال .41.8[ ریەس‎ 


۲- يفضل (ليس شرط ) أن تكون المسافات متساويه 
حتی یکون شکله معماریا منتظم . 
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یھ .ا 
CU=(3¬+6)m‏ 


لکی نتحکم فی وجود أحمال مرکزہ عند ال ٤۸٣٥ل‏ فقط : 


. عند ال امل فقط‎ 4٣٤٥۸ نضع كل الكمرات المحموله على ال‎ -١ 
فی إتجاہ الكمرات بحيث‎ 0۸e نأخذ کل البلاطات sطها؟ ه۴‎ ۲ 
.(One Way H.B. or One way Solid ذخÈڪs)‎ Arch JI لا ترمی اى أحمال عل‎ 
. نضع أی ostم او ای ٣eوہم عند ال ۸٠م ل فقط‎ -۳ 
Joints JI sie Concentrated Load aiÎÛ ر‎ Arch Girder JJ 0.#¥. J| نفرض أن‎ 


O Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. 
Downloading or printing of these notes is allowed for personal use only. 
Commercial use of these notes is not allowed. 


( Systems ) Arch Girder. 


(www.yasserelleathy.com ) Page No. 5 


1l | 


3 


2 


2 


SLLILLILLILILILLLLL, 
aA1llITIITI 


LL LLILLLLILLLLILL, 


__H 
8+9 
يو‎ 


۴ 


2 


2 


LLLLLILLLLI LL 
AIlIlIlIIITI 


zz 


للتر 


2 


ZZZZZZZ 
LLEKEEBE 


نے 
ووط | 
e0‏ | 
1 
1 


7 


Strut (250x400) 


YS LLLLILLILLLLLLL. 
LLLLILL] 


2 


Tie (bxb) 


2 
27 
E 


ZZZZZZZ 
LILI 


$ 
XS 


(24--40 mm) 


2 


E LILLLLILLILLLLILLLSLLLLILLILLLLLLLL 
AllIIIIMIIIIII HZ 


[ 


QR 


2 
2 
DZ 


2 2 


A 
/ 


Hanger (250x250) 
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Concrete Dimensions 


x 


RRRASNSSNSISIININ RY 
SNES 8Y 


ا ص(40>-24)[ ا 
Span (L) = (24-40) m‏ 


Height (R) = 2 
J 


Fek) ت‎ DL 


1 
ٍ 20+25 ١ ١ 
x» Tie (bxb) 
x» Hanger (250X250) 
__H 
* col g8 +9 Statical System 


#% 


#% 


يجب أن تكون كل الأحمال مركزه عند ال ١٤٠٥ل‏ فقط و لكى نتحكم فى ذلك يجب أن : 

. نضع كل الكمرات المحموله على ال ٣عءd٣ عند ال ءامل فقط‎ -١ 

۲ ناخذ کل البلاطات sطےاکی‏ ه۴ 0۸Ne‏ فی إتجاہ الكمرات بحيث 
لا ترمی ای أحمال على اد Girder‏ . 

۳ نضع آی post‏ آو آی hanger‏ عند ال Joints‏ فقط . 

Joints J| sie Concentrated Load ai ڍر‎ Girder نفرض أن ال .0.7 لد‎ -٤ 
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XS ENENENTENSENSENTENSENN N N 


Drawing Arch Gurder. 


نرسم شکل ال ۸4۳٥۲۸‏ بحیث یکون شکله مقلوب ال .8.۸1.2 
لکی یکون ال 2٥٣٥‏ .8.1.2 تقرییاً۔ 
فتکون کل القوی المؤثره عليه /N.۶۴.(‏ ) فقط. 


1.0 kN 1.0 kN 
1.0 kN | 1.0 kN 1.0 kN 


نرسم کمرہ بنفس طول الد A۸٣٥۸‏ 
d= (3+6) m‏ 


۾ نضع L , Concentrated Loads lale‏ | 
قیمتما ۸۸ 1.0 فی أماکن الكمرات 


® ® OD 
Get M,, Ms M5 B.M.D. Jı ج ثم نرسم‎ 
hı = 2 ۸٣٥۸ نختار آکبر ارتفاع لا‎ 
For Point O > MM, , h=h, 
For Point @ و‎ M=M و‎ h=h; = 2h, 


1 
For Point ® > M-=M;, , h=h; = Ms xh, 
Mr 
الپ.. ا‎ 
= (3 ج‎ 6) mM 
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Special Case. 


فى بعض الاحيان ممكن ان تكون الاحمال على ال وام ٠هل‏ غير متساويه . 

و فى هذه الحاله لكى نحدد ارتفاعات Arch Girder J|‏ 

یجب اولا ان نحدد قیمھ الحمل علی کل ٤۸٥٥ل‏ ثم نحدد ال ۸٥۸٤۸٤‏ الفعلی عند کل ٤۸٥ل‏ 
و منھا نحدد ارiفlعاٽت Arch Girder J|‏ 


mY RR 


Mı : M2: Mg = hı : he : h3 


O Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. ( System 0 ) Arch Girder. 
Downloading or printing of these notes is allowed for personal use only. 
Commercial use of these notes is not allowed. (www.yasserelleathy.com ) Page No. 14 


Arch Girder J| خطوات رم‎ 


-١‏ ترسم ٥.1.‏ لا 7٠‏ و العمود 


۲- نحدد على C.1.‏ ال 7e‏ 
مکان ال Joints‏ کل مسافه ا0 


۳ نرسم ۸ عند کل nt‏ ٥ز‏ 


Girder JJ (£. [. نوصل‎ - € 


۵ - نرسم تخانa members J|‏ 
بخط خفيف و تحديد نقط التقاطع 


٦‏ - نرسم خط رأسی من نقطه تقاطع 
العمود مع ال 7٥‏ بارتفاع من 
(" 1.0+ 0.8) لمقاومه ال Sher‏ 
ثم نرسم خط أفقی 


۷- نرسم خط ثقیل عند حدود ال 
Arch Girder‏ 
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Loads on Arch Gurder. 


TTL 6 ATE TTT CGATTTTITOTITTITE 1‏ 4 ي 


OD Get Loads on Beam Bı 


U = 0. W.oeam) ۳ Ws * O 


W =0.F-ueam) + (rib) * dL 


RWS 


@ O0.W. (Arch+Tie+Post+Hanger+Top beam) & 17.5 kN\mt (U.L.) 


O F-o0.w.« a+ R 
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Concept of Arch Girder. 


FF FPF FF F F 


تعتمد فكرہ ال 4٣c 6r der٣‏ على تحyيJ Couple JJi Bending moment J|‏ 
Compression Normal Forces & Tension Normal Forces Jll «|‏ 
و ذلك للتوفیر لانه عند تصمیم قطاع عليه €٥p ٣e507‏ »م ستکون کمیه الخرسانه 
و الحدید قلیله مما يعمل على تقلیل ٹمن ال ۸e۸ be۳‏ 

و عند تصمیم قطاع عليه 7٤۸0٩۸‏ ١۲م‏ تکون کمیه الحدید کبیره و کمیه الخرسانه 
قلیله و تکون ایضا نسبیا ثمن ال e۸٤7‏ اقل . 
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Solvang Arch Girder. 


FF F F F F 


نفرض وجود کمره تخیلیه آفقیه . 
لھا نفس ال ٣ہهمء‏ الافقی لد eمص»rہF۴‏ 


moment نحسب قیمه كبر‎ “a 


)) 14 (( للكمره التخليه و يسمى‎ Me. 


(From Extension of the Tie ) 
7‰ نتیجه لحدوث استطاله بسیطه فی ال‎ B.M.D. 
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Design sections of Arch Girder. 


B.M.D. “= 


E E 


Sec. (0D M ,P 


P = 0.95 ا‎ A 


M = 0.05 M. / 
(From Extension of the Tie ) | 

A 
(Use I.D.) A,-Aş د‎ 


Sec. © Tie _b- 
T = 0.95 : 
: 
As ے‎ 1T =(Total area of steel ) 
F\Ss 


Ac = (b»b) 
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Sec. ® Hanger 
إذا کانت البلاطه علویه.‎ - | 


ر لا ف ا 4 ف ٠‏ سا ها اا 4١‏ ص 4 ا 


T= 0. W.(nangen) = 3.50 KN 0.25 


مر 


۲- إذا كانت البلاطه سفليه. 


err SSS ۳ 
EEE Tasaaaad AES LL acess Tae LIL cama 2 


T= 0. P-0, + Reaction of beam B 
anger) ak 


EE: 


LATTTTTT U SLE LELEÎ ATT 11Û TPE REET, TT ATT ITTH TTT 111 
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Sec. ® Column. 
Design the critical Col. at the Roller support. 


Case (D 


Check Buckling. 


ODIn plane. @ Out of plane. 
Case @ 1 
Case MD : 
b h1 
Case (D Case OD | 
Ha.= H.= The bigger of hr, he 
- 2.2+ BH. — 1.2+*H. 
کت ن‎ 7 
IF Ab < 10 فرت‎ P only IF Ab < 10 اف ا‎ P only 
o> 1o my PM, | Ao>1o my PM, 
Maa. 
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Reinforcement Notes. 


| Buckling bars 
Buckling bars 
ج جج صصص‎ 
ا‎ [ As 
1» و اذا زاد طول السیخ عن -,۴۱۲ نعمل وصله تراکب عع ]مء‎ 
. و الاضمن مد الحديد مسافه ي[ من بعد ال .£.€ من الجهتين‎ 


2- For Member subjected to pure Tension. (Tie) 


و اذا زاد طول السيخ عن ٠٠١,‏ المفروض عمل وصله میكانيكيه او وصلات لحام 
و لصعوبه رسم تفاصيل ذلك فى هذا الملف فسنضطر ان نرسم تسليح ال ع7 
عباره عن اسیاخ طویله طولها بنفس طول ال 7٥‏ حتی اذا زاد طولما عن - ,۴۱۲ 


لعمل وصلات فى ال )7٥(‏ أنظر فى هذا الملف صفحه (90) 
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Reunforcement of Arch Giurder. 


١‏ - بعد رسم الخرسانه نضع الحديد السفلى لا 7٥‏ مع مراعاه تكملته فى الدراسه من الاول للاخر 


OI, 


MM 
/ , 3 


کک 


دې 
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لجهتين 

¿ الح 

a 

[= 

60 
p 

لجهتين مسافه 

¿ الجهتي 

تد من 

0 6 
لحددد السة 
الحدي 
0 - 


کک 
MN,‏ 
,0 


کک 


کے 


«cM 


ا ای 
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© co 
ا‎ 

a En 
e din g. Ya 

ay Or Sse 
| us printi E 
e of Ing eat 
the of th ny 2 
se n ese 016 
ote: 8 NO ٤ 
8 is ۴ ا اا‎ 
owe ed ts 
d for ۳ 
. pe erv 
(MSS 
lu 
.Jass se 0 
erell nly 
eath 
y.co 
m 
) ( 
Sy 
Mm 
S8 ) 4 
P rch 
ag G 
eN 1 
0 rd 

0. 24 er 


۹ - نضع تسليح بسيط فى حدود 0 #1 2 عند الزوايا الحاده لمنع تشرخ ال ٣عمسه)‏ 


1 
LL 


«SEM 


١ 
١ 
۱ 
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EWD‏ او 
e‏ 


As4 
خ‎ 
5 


1 ا‎ 
0¬ : e 


Sec. (2-2) Sec. (3-3) 


Sec. (4-4) 
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cle 


Sec. (4-4) 


2012 
2 #12 
As, 
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فی حاله أن البلاطه علویه 
سنحتاج لوضع ۶٥58‏ لحمل الكمرات ال لإdu7‏ ۸٥٥ء5‏ 


le ۲0st نأخذ قطاع ال‎ 2.5m Z2 Post JI اذا کان ارتفاع‎ 


4%12 


اذا کان ۳ 2.5 ے ارتفاع ال Z2 Post‏ "4.0 0.26 


نأٌخذ قطاع ال Post‏ 5 3 


8%12 

~~ ¬ 

اذا کان ارتفاع Mm < Post JI‏ 4.0 ناأخذ قطاع ال SE Post‏ 
8%12 


حيث ظا هى عرض Arc Girder J|‏ 


و نضع کمره افقیه لتربیط ال ٣٥5٤5‏ عمقما ۳٥۸‏ 40 و تسلیحما 612 2 سفلی و علوی 
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Sec. (1-1) 
Sec. (4-4) 
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Sec. (5-5) 


Sec. (3-3) 


sS 
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1 1 
Sec. (4-4) 


| 
ج‎ E 
Sec. (2-2) 
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Sec. (1-1) 
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Saw Tooth on Arch Gaurder. 


(400× 250) کمره کمرات 

Se yT 
للتربیط / >“ | ۔۔ے ج‎ مموtو‎ )0 ×250( 

ڪ <Y i e hE E E‏ ا کے 
e 2‏ 4 ۱ ر 
ا TT mannan 4 4 6 TTT GETTTTTTT 1L TATTTTEH‏ ص 4 م 
hh‏ 
6¬8 ` 


اص (20>40)-[ سا 


الشباك يجب أن یکون موازی Jذد Arch Girder‏ 


الشباك يجب أن يكون رأسى . 


#% 


Span (L) = (20-40) m 


Height (Rh) = ر‎ 


+8 Far 
ا ا‎ 
۰ t (Arch) ل سا‎ 


* Tie (bxb) 
+ Hanger (250 X250) 


% 


__H Statical System 
col. g@+>9 
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IIIIII IIII] | 0D IIIIII IIII] 1 MESSE HSS 7 SESS HISS 
A LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL PLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL: LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL LL, 


4 


7 SG 
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AILLLLLILLLLLLLLLLILLLLLLLIILLLLLLLLLLLLLLLLLLLL! 


7; OOOO 7 7 22 
22 
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SIDE VIEW 
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x Design the secondary Beam. 


Designed as T—sec. 
a 
R, wl 


2 
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*x« Loads on Arch girder. 


O0. W. (arch+ Tie+ Post+Hanger+Top beam) ~~ 17.5 kN\nt (U.L.) 


F F F 


F=0.W.x«@ + Rr + R, 


x Draw B.M.D. 


Get M, 


« Design the Arch Girder. 


M= 0.05 M, E ج‎ 
ن‎ [ Using I.D. | As 
P= 0.95 3 2% 12 
x« Design the Tre. أ‎ 2%12 
As 
T = 0.95 
ا‎ 
As - = (Total area of steel) أ‎ 
F\s b 
ا‎ 
c =(b*0) 
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Sec. (5-5) 


Sec. (3-3) 


sS 
¥ & 
< KR < 
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Sec. (4-4) 


| 
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Example. 


N 
412.0 
f a a E e 0O7. 0 


* Fı, =25 N\mmê F, = 360 N\mm® 
+x Total loads (D.L.+L.L.) of the saw tooth roof are 8.0 kN\m H.P. 


0 Suggest a statical system to cover the area 
and draw Structural plan , Sectional elevation. 
showing all concrete dimensions. 

@ Design the main supporting elements, and draw 
Details of RFT. in elevation and cross sections. 
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9S ۱ 
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Xx | E 
١ | 1 
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0 ا‎ | 
| | 
مد ۱ اتب‎ 
٤ ۱ 
<R 
<R 
<R 
NY 
ٰ 
۱ 
۱ © 
2 
ٰ m~ 
ا‎ 
۱ 
KR 
1 
١ © 
| 
™ 
ٰ 
o ا‎ 
° hi 
٩ 
© | ن‎ 
( ما‎ 
١ ما‎ 
١ 
۱ 
ا‎ 
SW 
1 
۱ 
© 
2 
mm 
۱ 
ا‎ 
SI 
١ 
1 
١ 
| \£ e 
٩ 
١ a . 
| م‎ 
ا‎ 
SA 
1 
ٰ 
۱ © 
6ا‎ 
۹ 5 
۱ 
۱ 
۱ E E 7 
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(@ Design the Saw Tooth Slab. 


ا کڪ 
٣‏ کے ) x Loads on the Slab. (One Way Slab‏ 


لسر م 7 ا 


mm‏ 120 د 116mm Take‏ = 0 د 


(Ws) working = 8.0 kN\m H.P. 


(Wsg)u.1. = 1.58.0 


12.0 kN\m H.P. ع‎ 
1 
E 


O 
(Wgi) = 12.0» COS 23.2 = 11.03 kN\mê 


Wsi =11.03 kN\mr 


لوي لوو لوو لوو ا 


x Design the Slab. 


Mdes.= M cos «@ 
= 13.61 * COS 23.2 = 12.40 kN.m\m 


Sec. O Mr, =12.4 kN.m\m ss =120 mm s d= 100mm 


6 
0.19 =ل ج 4.49 =€ ج کا | ,)= 100 


Ag _—1240.10°__ _ 420.56 mrê\m (O $#10\m 


^ 0.819 * 360 *100 
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x Design the Beam. B (250»« 700) 


W =0... ۶ Wg x» CU kN\m 


(beam 


W = 4.20 +11.03+* 3.5 = 42.8 kN\m 


M-WLL - 285.2 kN.m 
8 

R, WL - 162.96 kN 
2 


Sec. D0 My, = 286.2 kN.m T-Sec. 


C.L.—C.l.= 3.5m = 3500 mm 


B= 4 16ts+bD = 16 «140+250=2490mm B=1773 m 


K+ D 1.0» 0 +250 =1773 mm 


6 
25 +1773 


6 

٠ 285.2 *10 

a mm‏ 20ے وا 
650 * 360 » 0.826 


Check Asmin As = 1475.5 mm 


Treg 


Hin. b d= (0.225 VF) b d = (0.225 » Ê. ) 250 «650 = 507.8 mırê 
Fy 360 


e 
. 4< Hib d “ Take As=45= 1475.5 mm 6 #18 


.. 7 = bD-25 _ 250- 25 _ 5.23 = 5.0 bars 
+25 18 +25 
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@ Drawing Arch Girder. 


Height of the Arch Girder 


1.0 1.0 1.0 1.0 1.0 1.0 1.0 


M., = 28.0 kN.m y> ho_= 3.0 m 
Mr = 26.25 kN.m > Rh1=2.8125m 
Mpg = 21.0 kN.m—y> h2= 2.25 m 


Mg = 12.25 RN.m > h3=1.3125 m 
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Loads on the Arch Girder. 


Take 0.w.(arch) = 17.5 kN\m (U.L.) 
J =2 R1+ o.w.(4arch)# @ = 2 (162.96) + 17.5 (3.5) = 387.17 kN 


387.17 387.17 387.17 887.17 


| | | | 


اچ س 
m‏ 3.5 
ا ا ۹ ا 


MM, = 10840.7 kN.m 


PT - 4586 e = 0 17 — 3432.88 kN 


M = 0.05 M.= 0.05 (10840.7) = 542.03 kN.m 


3432.88 KN 
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x Design of Arch Girder. 


Sec. DD D=0.35m , ا‎ =1.20 m 


P — 0.96 e = 0.5۰ 137 = 3432.88 kN 


M = 0.05 Mo= 0.05 (10840.7) = 542.03 kN.m 


M _ 542.03 0.168 m ِ _ 158 _0.13 < 0.6 EE, LD. 


€= = 3432.88 1.2 


= 12 0 0.838, ECCS Design Aids Page 4—24 


Py, _ 3432.8810 _ e 
F,, bt  25+*350+*1200 1 ص‎ =-1.0 
6 = 
Mv _ 042.0310 - 0.043 


Fb +? 25*350+*1200 


3- ت 
PF, *10 = 1.0» 25«10 = 2.510‏ - 
UM - P+Fo,‏ 
3 
As-= Ag= |x Dxt = 2.5 «10 » 350*1200 = 1050 mrê‏ 
As, = As+ AF = 2100 mnê‏ 


_ 0.8 
Check Asin = 0.8 «bt = 0.6 «3501200 = 3860 mrê > A8 


. Take Aç - Aډ-‎ Asmin سے‎ 1680 mrî 
2 
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x Design of Tie. 0.35 


Sec. @ (350 * 350) n 3 ر‎ 


Neglect o.w. of Tie. 


T— 0.95 e = 0 ۰ 340.7 = 3432.88 kN 


3 
As _ _Î_ _ 3432.88+10 _ rogsemn (G28 


x Design of the hangers. (350 *350( 


Take 0.W. (hanger) = 3.50 KN (U.L.) 
ا‎ O.W.(hanger) + R, 


= 3.50 + 162.96 = 166.46 kN 
OE re 
F\s 360\1.15 # 


* Design the Fost (450350) 


Take O0.W.(Post) = 3.50 KN (U.L.) 
P=0.w.(Post)+ R, 
= §.50 + 162.96 = 166.46 kN 


4= GD 
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e149 ÎR ا‎ 
IR 
ا‎ 
calc ر‎ 8 ۴ 
I42 ° ۵ 
gr4s ال‎ | 
E: 
o 
ا‎ 


Eu 5 

1 
E 
0 & e: 
° o 
هھ‎ 
1 شە‎ 

6ا 

| é | FR 
o r | 
۰ ENE 
& 
© 0 
E n 


5%22 
2%12 
24812 
2%12 
2%12 
5%22 


0.36 س 
@ 
1.20 
Sec. (1-1)‏ 


4 


TT ICAELNLL Il] e |‏ ا 
TTIIIT f} (lI | TELEEL Ill Ml‏ 1 
ITLL MIL‏ أ 


© 
ا‎ 
© 
ک۷‎ 
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Concrete Dimensions 
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For an eleva 


cal System and draw a sketch 


ti 


t Sta 


Choose a conve 


)+10.0( 


oxo 60.0+ 


Exarmple. 


0.w. + ( WUrib ) + 0 
S 
2R+0.W.*Qa 


nS 
2 
Arch Girder. 


R 
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For an elevation Showing Concrete Dimensions. 


Choose a convenient Statical System and draw a sketch 


Sec. (4—4) 


Exarmwple. 


6.6. سم‎ 
F F F 
F F 
L 


R 


6.0 


dL 
2 


O0.WU. + ( Wrib )» 
S 
2R+0.W.*Qa 


Beam B 
W+* S 


Arch Girder. 
F' 


R 
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U kN/m 


لسو ولو لوم چ لو g‏ لو چ لو ,یلو چ ل .ی ا 
40.0 


SRN SSNSNSENWNSENSENENSWNW UNNNNY 


0 
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Example. 


ال وا ان gŞو‏ ا ا ےا ا اپا 
7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 


L.L.+F.C. >10 kN/m 


Choose a convenient Statical System and draw a sketch 


For an elevation Showing Concrete Dimensions. 


IF {L.L.+F.C.>10 kN/mî] yy use Solid slabs. 


اذا کان مجموع .]. + .1.,1 أکبر من ۸۸/۸۶ 10 یجب أن تکون البلاطه طا؟ 04ا٥‏ 
و لان البلاطه فی ال 4٣٥۸ ٣de‏ یجب أن تکون ریەس ٥۸‏ فی اتجاہ الکمرات 
يوجد حلان : 

أن نزید من عدد ال seg e۸8‏ للا 4٣۸ C٣der‏ بحیث تکون 2< 0A‏ 


۲ أن نرفع البلاطه بحيث لا تحمل على Arch Girder J|‏ 
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LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL LL LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLD 


¬ O CF RT ep & cof TP? |r ap Yoxy 


0p‏ ل 


qo1S P0s foy, aug «— 


fıuo supoaq om} uo p233saY (UL0'ZL*0°9) Q01S P105 


The Figure shows plan of the Factory area of an industrial Facility. 

The main Factory area is ( 30.0 +48.0 m) with no interior columns allowed. 
Levels of the main Factory are as shown in plan. 

Columns are only allowed where marked X in plan. 


Fo, =25 N\mm® , E, =360 N\mm? 
F.C. = 3.0 kN\mî , L.L. = 1.0 KN\m 


It is required :- 


1- Without any calculation but with reasonably assumed concrete dimensions, 
Draw to scale 1:50 an elevation to the main supporting element at axis 10—10 
and part plan. 

2- Design all slabs and draw their details of reinforcement in plan. 

3- Design the main supporting element of aris 10-10 of the Factory area. 


4- Draw to a scale 1:50 in elevation and cross section details of reinforcement of 
the main supporting element. 
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PLAN 


= 


ا 
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OM. 1| IUD 
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٣ که‎ 


ڪا کڪ 


EWN 


س و و ي 


@ 


n 


MR 


Drawing Arch Girder at axis 10—10.‏ 
عند رسم ال 4٣۸ ٣de‏ عند 10-10 ونیو الاحمال عليه غير متساویه لذا عند 
تحدید ارتفاعاته لن ينفع أن نضع أحمال N‏ م 1.0 عند کل J0٠۸‏ 
لذا یجب أن نرسم ال ٠٤۸٤‏ الحقيقی أولا ثم نحدد الارتفاعات 
على أساس أن نفس النسب بين الارتفاعات هى نفس النسب بين العزوم الحقيقيه 


Fı F1 


Loads on the Arch Girder at axis 10-10 


Design the Slab. 


For H.B. slab د‎ 600¢ = 240 mm = 250 mm 
T= 260 rn Ri =200 mn 


Wrib = [1.4 (tae +F.C) +1.6 ( L.L) |(S' »1.0) 


+1.4(D hx1.O0m xc) + 1.4* (Block JI ()(ن‎ 


“Wri = ]1.4 (0.05 «25 +3.0 ) +1.6 )1.0( 1 (0.501.0 ( 


1.4 (0.10 «0.20 1.025) +1.4 (E) (LS 0) = 5.60 


000 
(RN \(- 0S n^) 
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Loads Form Beams. 

assume 0.W.(beam) = 5.0 kN\m (U.L.) 
B1 

W=0.w. + (e ( Ls 

wu - 0+ (8P) (6 0) = 72.2 kN\m 


Ruh = 72.2 + 6:8 ے‎ 216.6 kN 


72.2 kN\m: 


اسل 6 ا 
R= 216.6 kN‏ 


B2 W= 0.W. + (2 ( Ls 


w =5.0+ (E) (6.0) = 72.2 kN\mr 


72.2 kN\m: 
R2 = 0.45* W» L سے‎ 


.لر .6 لر .6سا 
Reg = 0.45* 72.26.0 = 194.94kKN Ra= 194.94 kN‏ 


B3 


5.60 
W=0.W.+ (® ( (G8) = 5.0 + (Gg ) (GO) = 38.6 kN\m 


لان المطلوب تصمیم ۸4۳٥۸ 6)٣der‏ عند (@ اده 


لذلك سنحتاج اول ٣a0‏ للکمرہ B3‏ 


38.6 kN\m: 


Rg= 0.45* W *L 6لرص .6 ہا‎ . صولمg.‎ 0 
Rg = 0.45» 38.6 «6.0 = 104.22 kN Rg= 104.22 kN 
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B4 


WU= 0.W. + ( ر ا‎ )8( = 5.0 +)  ( )8( — 38.6 KN\nî 


لان المطلوب تصمیم 4٣۸ C)rder‏ عند (@ sثدں‏ 


لذلك سنحتاج ثانی reaction‏ للكمره B4‏ 


38.6 kN\m? 


لحر .م مل م م لر .ی ا 


Rq= 1.10* W *L 
R4= 254.76 kN 


R4= 1.10 + 38.6 +6.0 = 254.76 KN 


Loads on Arch Gurder. 


7 


| Fs 


1 


Take 0.wW.(arch) = 17.5 kN\m (U.L.) 
FH=R, + R2 + o0.w. (arch )* QL 
= 216.6 +194.94 + 17.5 )6.0( = 616.64 kN 


Fg = Rg+ R4 + 0.w. (arch )* Q 

= 104.224+ 254.76 + 17.5 )6.0( = 463.98 kN 
Fş= Rg+ 0.w. (arch )# - 

= 104.22+ 17.5 )3.0( = 156.72 kN 
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516.64kKN 516.54kN 


463.98 kN 463.98 kN 
156.72 kN 156.72 kN 


لم . 6 لكر . 6 لكر . 6 “)6.0 ل 6.0 nا‏ 


1137.24 kN 1137.24 kN 


5883.12 0 5 


8982.3 


Mı = 8982.3 kN.m > h1 = 4.0 m 
Mpg = 5883.12 kN.m > h2= 2.62 m 
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چ 


7 4g f 006% 


‘LPI YOY BumnDluG 


2- Design the slabs. 


2 (Wrib) = 5.60 (kN \(1.0s 0.5m”) as calculated before 


Strip @ 


5.60 kN\m 


E 


M =25.2 kN.m\rib Cd =t- S0mm= 250-30 = 220 mm 


4 M (kN.m\ rib) 
=] E eN' 
e-4 VR. B 


6 
.. 220 =0, 25.210 r 7 
EE 10 €, = 4.89¬- J=0.6 


6 
A, _ ___ 25.210 ___ _ g86 mr\rib [2416\rib 


JFyd 0.826* 360 +220 
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Strip @ 
5.60 kN\m’ 


ا سج 


ا وھ ا وع پا وه ا 
20.1 20.1 
8.40 ® 8.40 


20.1 O 16.8 20.1 


See. D M =20.1 KkN.m\rib 


Cd =t_ 30 mm = 250 -_ 30 = 220 mm 


6 
.. 220 =C, 00 > [f= 5.48—- J=0.86 


»* 500 

M 20.1 »10° ۱د‎ 2B16\7rib 
Ag= > = RRR: 360 «220 = 307 Ti 
Sec. ® M =16.4 kN.m\rib 


Cd =t_ 30 mm = 250 -_ 30 = 220 mm 


6 
“. 220 =C,|/ 16.810 r 7 
6ل ¬ 0,=6.0-— ا‎ 


M 16.8 «10 _ 21n [2416\FTib 


پ 
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777 516.54kN 516.54kN 


463.98 kN 463.98 kN 
156.72 kN 156.72 kN 


كم. 6 لك 6.0 لك ).6ل 0 .6ل 6.0 ا 


1137.24 kN 1137.24 kN 


e 


M = 8982.3 kN.m 


4.0 
M = 0.05 M.= 0.05 (8982.3) = 449.11 kN.m 


P= T= عل وو.م‎ = 0.95 x 982-3 2183.3 RN 


© 6 


T =2133.3 kN 
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x Design of Arch Girder. 


Sec. (O0 b=0.35m , t=1.30m 


P —- 2133.3 KN ,M = 449.11 kN.m 


_M _ 449.11 5 
€= p= 219g g 01 ™ 
e _ 0.21 use. ID 
کچ 0.5 >۸ 0.161 = کک‎ ۰ 
°° t 1.30 < 
_1.3-02 _ _َ use 
ا‎ = 0.84 = 0.80 ==, ECCS Design Aids Page 4—21 
Py 2133.310 


F,bt 25«400»1800 01*^ 


Pp <1.0o %4, P-1.0 


6 
u _ 449.1110 _ 
Fb t7 25*400*1300 


0.0265 


[= P«F,,+10 ° =1.0*25*10 ° = 2.5*10 


As =A; = Mx Dx = 2.510% 400+ 1300 = 1300 mr 
Asrogy = A4s+ AF =2 « 1300 = 2600 mm 


— Check As = 


0.8 »b»t — 0.8 «400*1300 =4160 > As 
10 100 


Take As سگ و4‎ 2080mm? (6 $22 


_ 400-25 _ 7.97 = 7.0 bars 
4+25 22+5 


Total 
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x Design of Tre. 
Sec. ® (400x400) T= 2133.3 kN 


M = (due to o.w. only) Can be neglected. 


T7 2133.3 +10‏ ا 

e814 mm [4‏ _ 1 2 ے _ _ ے 
F\s 360\ 1.15‏ 

x Design of the hangers. (250 *250( 


Take 0.W.(nhanger) = 3.50 kN (U.L.) 


T= 0.W.(nanger) + R, = 3.50+ 216.6 = 220.1 kN 
A T 220.1 «10 
S= = 1 1 = 703.1 mr 
F\s 360\1.15 ۳ 15 


xk Design of Columns. (neglect the effect of wind ) 


PF = 1137.24 kN 


2 
Check Buckling. 
ODIn Plane. @ Out of Plane. 
Case @ 
1.0 م‎ 
Case D 1 
0.40 3.5 
Case (D Case ® | 
ا‎ 
Ha.= 6.0 mm ——— H.= 3.5 m 
. K+ _ 2.26.0182 10 - Ke, _ _ 1.2* 3.5 = 65 
Xè ا‎ 1.0 >10 Ab tt 040 
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2 2 
8 (Ap) * t 13.2 +1.0 _ 0087 


USE, ID.‏ 0.5 < چوو ن 2007 ے 


42 1.0-0.1 0.9 USE, ECCS Design Aids Page 4—23 


Py, _ 1137.24»10 _ e 
_Mou __ _ 10ء98.94_‎ _ 0009 


Fb t7 25*400*1000* 


[M= PF, +10 =1.0*25*10 = 2.5*10 


_ 2 
Ag = Ag = Mx» Dx = 2.510% 400+ 1000 = 1000 mf 


A8 rotaı = As+ Aې‎ = 2 « 1000 = 2000 mm 
Ag _ 0.25+ 0.052 mar „ b« t 
100 


 0.25+ 0.052 (13.2) „ 400 «1000 = 3745 mr < AS wal 
100 


Ag Ag _ Asma _ 1873 mrê 


2 
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Exarmwple. 


(+6.00 ) 
hM Mme | 9I Tie ll 
Î Side hall Main hall Side hall | 
(£ 0.00( 8 Ground Level 
(2.00) ad 22 d h J 
اوو باي وف اونا‎ 


The Fig. Shows the general layout of Sec. (4-4) & Plan of an 


Industrial building covering an area (48+ 42 m) The building consists 
of a main hall (28:42 m) & 2 Side halls (10+42 m) 

The roof of the main hall is of the Saw Tooth type Facing the North 
The side halls are covered with an arched slab with a tie 

The Columns & the Ties of the side halls are Placed 

at spacing 7.0 m at the Longitudinal direction. 


The Foundation Level is 2.0m below the ground level. 
Brick walls are 25cm thickness are placed along the perimeter 
between the columns in the longitudinal direction. 
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Design Data 


* Fo, =25 N\mmê 

* Fy = 360 N\mm® 

+ Total loads (D.L.+L.L.) of the saw tooth roof are 8.0 kN\m® H.P. 
+* Covering (F.C.+L.L.) of the arch slab roof are 1.0 kN\m® H.P. 
+x Weight of 25 cm. thick brick wall is 4.0 kN\m® 


Required : 


1- Without any calculations, but with reasonably assumed concrete Dim. 
draw a sectional elevation For the main system. scale (1:100) 
2 Design the arch slab roof (arched slab and all it's supporting elements ) 


& show clearly the details of reinforcements For the arched slab and all 
it's supporting elements. 


3- Design the saw tooth slab and it’s elements. 
and show the details of reinforcement on a plan to scale 1:50 
4-For the main hall, design an intermediate system and it’s elements. 
Wind load are to be neglected . 
& Draw to scale (1:50) a sectional elevation and to scale (1:25 ) 


cross sections for the main system showing all reinforcement details. 
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لاس10.0 اا 


£ NESSSSSSS 
8 
0 
A. 
© 
ES 
Š S 
3 أ8‎ 
5 اچ‎ 
a 
n» “ 
کے‎ 
1 
< 
2 
#« 
0 
E % 
x 2S 


Sec. Elevation A—A4A 


7| 
© . 
اف‎ gS 
a 2َ | SSS SESS SSS SESE 
ست‎ | 1 5 
کے کے‎ 
o | © 
S © 
ijl o 
=1 + 
ى‎ o 
© 
™—- 
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@ Design the Arch Slab. 


Take ts= 120 mm Wg = 6.0 kN\m 
- F.C.+ L.L. = 1.0 kN\mê H.P. a a a a a n 
(Ws)u.1.=1.5 (ts o+ F.C.+ L.L.) 1.5 
ا_ و‎ 

(Ws)... = 1.5 (0.12«25 +1.0) ر‎ 

= 6.0 kN\mî (H.P.) ا‎ 10 
To Get N.F. 

2 2 

2 2 

X = WL = 6.0+*10 = 50.0 kN\m 


8h 8*1.5 


2 2 2 2 
P= Vx +Y / 50 +30 = 58.3 kN 


x« Design the Arch Slab. 


Neglect B.M. & Design on N.F. only. (*-1000-—- | 
°. Designed as a Column. 10 
. Puy, = 0.35 Ac Fou + 0.67 4s F, ۱ 
Take Ao = 120*1000 = 120000 mm 
°“. 58.3 » 10 = 0.35 )120000( )25 (+ 0.67 4 )360( 
'. -=و4‎ 5 mrî = (— Ve) Value 
. Take As= Asin. = GS *b»t 


: _ 0.8 ک1 ت‎ 
. A4g= E «120 « 1000 = 960 m= A8 qı 


°. Upper Steel & Lower Steel — 


` // 
5 #10\m; 
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Design of End Beam. 


VL. Beam. = 


Take 0.W. (VL.+HL) x 7.0 kN\m (U.L.) 


(beam) 
Wyy.= 0-Wan) + F = 7.0 + 30.0 = 37.0 kN\rn 
W vr. = 
Fy = Wyr.* S = 259.0 kN ET MR 


Design all Sections as R-Sec. |l_ od. > ol 9o 
2 


WL =181.3 


Sec. O M,, = 181.8 kN.m R-Sec. 


- Take (j= 3.50 > J =8 


6 
- Get d =c, | EE = 3.50 |1310 _ 596 mm 
Fo b 25 * 250 


Mu. 181.3 *10° 2 


e ی‎ — 1083.3 mri 
J Fy d 0.78* 360* 596 


2 
Check Asmin, A s, „= 1083.3 mm 


Prin. b d= (0.225 ( bd = (0.225 E ) 250 +600 = 468.75 mm 
Fy 360 


Hin b d .:.Take As=4s = 1083.3 mM 6 7 16‏ <4 ن 


.. ا7‎ = b-25 _ 250-25 5.48 = 5.0 bars 
Pp+25 16 +25 
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Sec. @ Mu. =151.1 kN.m 


6 
600 = C, || L120 > C= 3.85 > =ل‎ 7 
25 * 250 


151.1«10°6 2 
S “ 0.797» 360 «6o0 < 877.7 mm 


Check Asmin Ag = 877.7 mm 


reg. 


Mnin. b d= (0.225۰ Fe )b d = (0.225 JÊ. ) 250 «600 = 468.75 mr 
Fy 360 


2 
4< Hin b d .:.Take A-4 = 877.7 mm 5 ۵ 16 
Stirrup Hangers = (0.1 0.2) Ag = (0.1 0.2) 877.7 


HL. Bean. 


W HL. 
= 50.0kN/m: 


Fy = Wagy,* S = 350 kN 
Design all Sections as R—Sec. [ | 
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Sec. O M,y,= 245.0 kN.m R-Sec. 
-Take (j= 3.50 > J=0.78 


- Get d =C, E استاي‎ — 692 mm 
25 * 250 


£> 780 
-Get Ag-= ڪت‎ _ 245.0 +10 


mm‏ 8 _ ا کے 
692 * 360 
J Fy d * *‏ 


Check Asmin ا‎ = 1260.8 mm 


reg. 


nin. b d= (0.225 5) كا ۰ 0.225) = ش‎ ( 250 700 = 546.87 mm 
y 


As > Mnh d ..Take A-A 1260.8 mr (GC $16 


°. 7 = b-25 = 250-25 = 65.48 = 5.0 bars 
+25 16+5 


Sec. ® Myr, =204.1 kN.m 


10°» 204.1 و = 700 


9 =ل چ 3.87 =€ و 
250 * 25 


204.1106 
As 


2 
= TFs 360 00 = E am 


Check Asmin As, = 1013.7 mm 


Hin b d= (0.226 =) d= E N25 -) 250 «700 = 546.87 mm 
y 


۰ 4< Hin b d “ Take As=-4و=‎ : 10158. 7 i 6 #16 
Stirrup Hangers = (0.1 0.2) Ag = 1> 0.2( 1016 
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Olt 
IIE 
NK 
3 


Olt 


0100311 
wnag ‘TA | 


x« Design the Te. (250« 260( e 
Neglect o.w. of Tie. 10 %12 ٦ 

0.25 
1 (rie) = Fy = 350 kN گآ‎ 
A = 7 350 «10 


2 
` F\s 36O\1.15 1118 mt ORI, 


Design the Colurnn. (350 * 700( 


W = Loads From Saw Tooth Slab\m x» S + 0.W.(Arch Girder) 


1.5*8.0+* 7.0 kN\m + 17.5 kN\m =101.5 kN\m 


R طس‎ = 101.5 » 28 = 1421 N 
P= R+Ry = 1421 + 259.0 = 1680 kN 
Check Buckling. P - 1680 kN 
DiIn Plane. ® Out of Plane. 
7 0.35 25 
/ 3.0 ا‎ 
ا‎ 1 
0.7 3.0 
Case @D ا‎ 
7.0 ۴ 
| Case (D ات‎ 
ل‎ 
Ho= 3.0 mM 
+7.0 = 13 <10 KK» _ 1.2+3.0 = 10.28 
0.7 ۸ . b 0.35 
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2000 2000 

1 „= P+ 8 = 1680 + 0.059 = 99.12 kN.m 

_M _ 99.12 _ . e _0.059 _ use, I.D. 
€= 5 ر‎ 0.059 m ET =0.08 < 0.5 

FE, ECCS Design Aids Page 4—24‏ 0.80 = 0.85 01ے ج 

Py ___ 1680 «1© _ 0gp 
FK,, Dt 25*350+*700 

p 1.0 Take Pp 
6 >1.0 ڪج‎ ۲۳-0 

08 10ء 6 ے e‏ 


FEubt”  25«350*700١ 


As-A8= Ms bet =P4F,,» 10 % D »t =1.0 „ 25 „104 350700 = 612.5 mrê 
As = A4s+ AF = 1225 mm 


As, = 0.25+ 0.052 maz 4 b« f 
100 
- 0.25+ 0.052 (13.0 ) „ g50» 700 = 2268 mm > As, “. O.K. 
100 


As-A8§- سو‎ =1134 mm 
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(3) Design the Saw Tooth Slab. 


Use Saw Tooth Beam Type Rested on the Arch Girder. 


x Loads on the Slab. (One Way Slab ) 


Jik = 8.0 kN\m® H.P.‏ وس( 


(Wg)u.1. = 1.58.0 


12.0 kN\mê H.P. 
(Wg) = 12.0» CoS 23.2 = 11.03 kN\rÊ 


Wsi =11.03 kN\m 
x Design the Slab. لى ولم ولم ولم وا‎ 
شریحه افقیه فی بلاطه ماظه‎ WL =13.51 
Mies.= M cosa پھھ وہ‎ 
9 WE 13.61 
= 13.51 * Cos 23.2 = 12.4 kN.m 10 


Sec. OD Mr, =12.4 kN.m\m , ts=120 mm » d=120 -20 =100 mm 


6 
8 = ل > 4.49 C=‏ ج کل =٥,‏ 100 


12.4 «10° 2 
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x Design the Beam. B (250*700) 


W =0... y+ Wy, x CU kN\mt 


(beam 


W = 4.20 +11.03* 3.5 = 42.8 kN\m 


M=wLL - 285.2 kN.m 


R,= WL — 162.96 kN 


See. O My,= 285.2 kN.m T—Sec. 


C.L.— C.L.= 3.5 m =3500 mm 
16tg+D = 16 «140+250=2490mm B=1773 m 


B= 
x +b = 1.0 » 1° +250 = 1773 mm 
6 
“. 650 =, | E10 __, (C= 8.10 > ل‎ -6 
25 * 1773 
1 6 
سے کے‎ 2 o E 


0.8626 * 360 * 650 


Check Asmin As = 1475.5 mm 
ڪڪ‎ req. 


Hin. b d= (0.225 Ve) b d = (0.225 JÊ. ) 250 «650 =507.8 mm 
Fy 360 


2 
4< Hib d “ Take As=48 = 1475.5 mm 6% 18 


.. 7 = bD-25 ے‎ 250-25 5.23 = 5.0 bars 
+25 18 + 25 
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@ Drawing Arch Girder. 


Height of the Arch Girder 


1.0 1.0 1.0 1.0 1.0 1.0 1.0 


Me = 8.0 kN.m yy hoa= 3.0 m 
M1 =26.25 RkN.m—y> h1= 2.8125 m 


Mg =12.25 kN.m—> h3-=1.3125 m 
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Loads on the Arch Girder. 


Take 0.w.(arch) = 17.5 kN\m (U.L.) 


F =£ R1+ o.w.(arch)# @ =2 (162.96) + 17.5 (3.5) = 387.17 kN 


387.17 387.17 387.17 387.17 


| | | | 
ا 


3.5 m 
أ ا شي ا‎ 


F۴ 0.95 


= 3432.88 kN 


M, = 387.1728 =10840.7 kN.m 
g Me 095» 1040.7 
h 30 


M = 0.05 M.= 0.05 (10840.7) = 542.03 kKN.m 


3432.88 kN 
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x Design of Arch Girder. 


Sec.(D D=0.36m , (=1.20 m 


P — 0.95 Mo = 0.95» 10840.7 - 8432.88 kN 
h 3.0 
M = 0.05 Mo= 0.05 (10840.7) = 542.03 kN.m 
_ M _ 542.03 _ „, 8 ے‎ 0.158 _ use. ID. 
e = = go gg 158m و‎ 9 <0.5 USE, I.D 
= 122 0.88. ECCS Design Aids Page 4-24 


3 
Py, 3432.8810 _ as 
KF, l(t  25+350*1200 


Mu 542.03 10° ° =1.0 
ے 7ے‎ 2 05 
F..b t 25*%350+1200 


As-A8= Us Dst= Px E,» 10% Dsl =1.0 , 25,104 350.1200 = 1050 mrê 
As, = As+ AF = 2100 mnê 


8 0.8 0.8 
Check Ag,,,,= Lé ‘bt = 6 «3501200 = 3360 mnê > As, 


'. take Ag Aş Asmin _ E = 1680 mr 
2 


x Design of Tie. 


0.35 
Sec. @ (350*350) 
0.35 
Neglect o.w. of Tie. 18428 
Sec. (2-2) 
T— 0.95 Mo = 0.95» 10840-7 - 3432.88 EN 
h 3.0 
3 
A۸ T 3432.88 »10 2 
8S = = = 1066M 18028 
F\s 360\ 1.15 
ا ا‎ e ی ا و‎ 
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x Design of the hangers. (250 *250 ) 
Take 0.W.(hanger) = 3.50 kN (U.L.) 
ڪا‎ O0.W.(hanger) + R, 


= 3.50 + 162.96 = 166.46 kN 
Ag = _T_ _ 166.46410 _ g41 mrê 
F\s 360\ 1.15 4%16 


x Design the Post. (250*250) 


Take 0.W.(Post) = 3.50 KN (U.L.) 
P=0.Ww.(Post)+ R, 
= 3.50 + 162.96 = 166.46 kN 


4:- GD 
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ced g9 ١ = 
١ ا‎ 
YF 
vw 
I2 8 ۳ 
I42 ` 
t49 " | 
ما‎ 
لے ہا‎ 
© کے ۵ا‎ 
ا‎ 
o 1 
2 
LL ھه‎ 
& 
۵ا‎ TT 


0.35 1 38 
3 2 
Sec. (2-2) 


5 p22 
2%12 
2812 
2%12 
2812 
5 p22 


س ق ب 
Sec. (1-1)‏ 


1 
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5 $22 


2 $12 


N 
د‎ 
8 
N 


Iz 


aI 
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ExarmwplLe. 


(+ 10.00( a 


SEC. M-M 
4 Zz 

KE 

> M o 

8 

: 
15.0 : § ج 

2 3 
1 E 
7+5.0= 35.0 ا‎ 246.0=12.0- 8 

"a 
PLAN 


SEC. YY 


Figure (1) 
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Figure (1) shows plan and sectional elevations of an Exhibition Hall. 
The main Hall area is 25.0 * 35.0 m with no interior columns allowed. 
Levels and shape of the covering R.C. roof are as shown in cross sections 


YJ—Y, Z—-Z & M—M. Columns are only allowed where shown in plan. 
5 n = 25 N\imm® »۽‎ 1 = 360 N\mm® 


It is required to : 


1 — Choose a convenient main system (main supporting element) For the main 
Hall and without any calculation but with reasonably assumed concrete 
dimensions, Draw to a scale 1:50 in elevation and part plan the maim 
supporting element of the Main Hall and its roof slab systems. 


2— Design all slabs and draw their details of reinforcement in plan and 
cross-sections (IF needed) to a scale 1:50 This should include : 


a) Arched slab of the Entrance between axes 8G &10, C&D 
b) Horizontal slabs of the roof of the Main Hall. 


3-— Design the Main supporting element of Axis 8—8 of the Main Hall area. 


4— Draw to a scale 1:50 in elevation and cross section details of 
reinforcement of the designed main supporting element. 
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Part Pan 


r 


(000*098) 


Cu TU 1 1 


ll i 


ال الالال الال لال ا 


ll 


secondary Beam 
(250 *500( 


ال ا ا و ا و ا ےا کات د پا د دال کل د ا 


SEC STE sS OS 
| 2 | 


N 


جرم ا کک E‏ 


Drawing Arch Girder. 


4c Cirder‏ فی وسط القاعه و الاحمال عليه متساویه 
لذا یمکن تحدید ارتفاعاته ولا بوضع احمال ۸N‏ 1 عند کل ٤۸٠٥ل‏ 


و أخذ نفس النسب بين الارتفاعات هى نفس النسب بين العزوم 


Take the Arch Girder 10 segments U=2.5 m 


1.0 kN 1.0 kN 1.0 kN 1.0 kN 
1.0 kN 


Mı = 31.25 RN.m > h1 = 4.0 m 
Mpg= 30.0 RN.m> hz= 3.84 m 
Mg = 26.25 RN.m > h3= 3.36 m 
M4= 20.0 EkN.m > h4= 2.56 m 
Mg=11.25 RN.m > h5= 1.44 m 
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5 
ڪڪ‎ ES ع ر‎ 
2 
گ‎ ٤ 
© 5 
5. a قي‎ 
Oo O 
AN 
> bh 2 
5 n 
05Ê 
ع‎ 
0 
م ل‎ 
0 
O. ع‎ 
0 = 
0 E u 
5 o 
- ارا ا‎ 
سے ر 5 -— | ر ر‎ 35 
2 َّ 7 2 ر ّ ا 2 2 2 ت‎ o —_ 
4 O OOOO OS 7 6 ا ا ا چ ر‎ u & 6© 
EEE EEE EIEIO EEE ی ر‎ SSILILESIIIILLIILIIIP SILSILE نه‎ 5 5 
هھ‎ CC O 
-) ع‎ 
e = 
۳ >$ 
(00 0l zs E& 
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@ Design the Arch Slab. 


Take (s= 120 mm Wg = 6.0 kN\m 


- F.C.+ L.L. = 1.0 kN\mt H.P. a a a a a 
(Ws)y.1.=1.5 (ts So+ F.C.+ L.L.) E 
* 

(Ws) =1.5 (0.1225 +1.0) رو‎ 

= 6.0 kN\nrî (H.P.) و‎ | 
To Get N.F. 

2 2 

2 2 

X = WL — 6.0+*10 = 56.25 kN\m 


8h 8* 3.0 


2 2 2 2 
P= VX +Y = 56.25+45.0 = 72.0 kN 


x« Design the Arch Slab. 


Neglect B.M. & Design on N.F. only. *—1000—- 


°. Designed as a Column. 1 | 


. Puy. = 0.35 Ac Fou + 0.67 44s F, 
Take Ao = 120*1000 = 120000 mm 
. 72.0 » 10 = 0.35 )120000( )25(+ 0.67 چ4‎ )360( 
'. -=وچ4‎ 4 mmî = (— Ve) Value 


°“ Take Agو=‎ A4 O «bet 


Smin.T 
. A 8 _ ع‎ 
. ٭ گا =و4‎ 120» 1000 = 0 e £8 oa 
2 
°. Upper Steel & Lower Steel — _ 960 _ 480 mm 
li Sf12\m 
20| 
۰ S#12\m 
5 #10\m j 
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5 $10\m 


ک 


@ 


د ا 
lia eae e e pm‏ ی 
gpg yg r AM‏ 0.12 م %12 8 
ر 08 
S$10\m/‏ 
Sec. (2-2) Sec. (1-1)‏ 


Design the Solid Slab rested on the Arch Girder. 
Use one way solid slab. 


Mm‏ 83.3 = 2500 خا 
30 


[= 120 mm 


Take F.C.= 3.0 kN\m 
L.L. = 1.0 kN\m 


| 
» » 


N 


N 
E E EE E EE E EE 
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(ws) - 1.4 (0.12 25 + 3.0 )+ 1.6 (1.0) = 10.0 kN\mê 
Ws = 10.0 kN\m. 


ا و ا و ا و واچ ويا 


2 
WLI =6265 
10 


See. O M,, =6.25 kN.m\m sts =120 mm » d=120 -20 =100 mm 


6 
100 =۲, || 10 _, C= 6.32 x = 6 
25 * 0 


6 
8 6.2510 5 2 5 5 
As - 0.826 « 360 «100 = 210.1 mrf\m #10\ 


N 
ا‎ 8 
- 


N 
© 
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x Loads on the Arch Girder at axis 8-8. 


x Loads on Beam Bı 
Wg = 10.0 kN\mî 
W= 0.W.+ Ws ¥* U = 4.2 +10+*2.5 = 29.2 kN\m 


لان المطلوب تصمیم Arc۸ Girder‏ عند (@) عاد 


لذلك سنحتاج ول reaction‏ للكمره B,‏ 


W = 29.2 kN\nr 


7 او ا و وا ا 
R1=0.45W L = 0.45» 29.25.0 = 65.7 kN |Rr‏ 


R1 = 65.7 kN 


Loads on Beam B2 


X= 56.25 kN\m| , |Y= 45.0 kN\m| From the Arch Slab 


VL. Beam 
Wyr = 0.W. +Y + Ws *# = 7.0+45.0+10*1.25 = 64.5 kN\m 


لان المطلوب تصمیم Arc۸ Gird‌er‏ عند (@) عایدں 


لذلك سنهدا ع اول reaction‏ للكمره Be?‏ 


Rav. = 0.40W L WUyg= 64.5 RN\m 
= 0.40» 64.5 6.0 =154.8 kN 


° اتن و يلسن‎ 
RoevL.= 154.8 kN RavL. 
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HL. Load 
WUiHr= X = 6.25 kN\m 


لحساب ال 0ی٤٦‏ على ال 7٣٤‏ سنحتاج اول "eacti0 n‏ 


ReH1ı.= 0.40W L ReHL. 
= 0.40 ± 56.25 ×6.0 = 135 KN | 


© 
1 
© 
: 


Wgy= 56.25 kN\me 


x Loads on Beam B3 
W= 0.W.+ Wg * U = 4.2 +10+*2.5 = 29.2 kN\m 


لان المطلوب تصمیم 4rc۸ Cdr‏ عند (8) 8اد 


لذلك سفحتاج ول reaction‏ للكمره Bg‏ 


R34 8 0.40 Ww L WU = 29.2 kKN\nr 
= 0.40» 29.26.0 =70.1 kN و‎ 
R 


3 
R3= 70.1 kN 
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Loads on Arch Girder at axis 8—8 


Take 0.W.(arck) = 17.5 kN\me (U.L.) 
F1= R4 +o0.w. (arch)# Q 
= 65.7 +17.5 )2.5( = 109.45 kN 
"2= Ry+Rg + 0.w. (arch )* @ 
= 65.7+ 70.1 +17.5 )2.5( = 179.55 RN 


F"g3= R, +Rovyr.+ 0.W. (Arch )* QOL 
= 65.7+154.8 +17.5 )2.5( = 264.25 RN 


F3 F, F, F1 F, F, F3 


2 Y1 | ۳ م‎ 
۶ 7 


264.25 264.25 
179.55 109.45 109.45 109.45 179.55 


۳ | | N | ۴ | | 4 


ا واچ وال واو واچ وا و ل واچ ا 
807.75 807.75 


M= 4372.3 kN.m 
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= 0.95 ک٥‎ = 0.95 ٭+‎ 
h 


T =0.95 °+ Ran = 1038.42 +135.0 = 1173.42 kN 


= 1038.42 kN 


P M 4372.3 
.0 


M = 0.05 Mo = 0.05 (4372.3) = 218.62 kN.m 


TT" =1173.42 kN 


ec.(D Neglect Effect of Buckling 
=0.35m „, =1.0m , M=218.62 kN.m , P =1038.42 kN 


_ MM _ £18.62 021 „ £ 1 021 < 0.6 E, 
€=“ 1038.4 TT" “E 10 < 


= 1.0-0.1 0.9 US, ECCS Design Aids Page 4—23 


P2 _ 1038.42 «10 - 0.118 
F,, bt 25*350*1000 


Take 
M, 218.62*10° _ 0025 P<1.0 =4 P =1.0 
چ ڪڪ‎ E 
Eb t? 25*350*1000 
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|= PF, +10 =1.0*25 *10 = 2.5*10 
As =A = M4, b4 = 2.5*10% 350»1000 = 875 mnî 


Asp = As+ AF =2 « 875 = 1750 mm 


0.8 0.8 
- Check As, = g0 *t = OS «350*1000 =2800 > As rota 


- Ap Asmin _ 2800 2 
Take As و‎ = 8 = 00 1400mm (6 $18 
x Design of Te. 


Sec. ® (350 +350) T = 1173.42 EN [Negelct o.w.(Tie) 
/ 3 
As - _1173.4£+10 _ 331.8 mrî (@ B25 


` F\Ss 360\ 1.15 


* Design of Hanger: (250250) (44812 


x Design the Post. (250*250) 


Take 0.W.(Post) = 3.50 KN (U.L.) 
P=0.W.(Post)+ R, = 3.50 + 65.7 = 69.2 kN 


4s = GHD 


x Design of Columns. 


Take the column (350*1000) 
Design the critical Col. 


at the Roller support 
P ے‎ 807.75 kN 
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Check Buckling. 


DIn Plane. @® Out of Plane. 
Case @ ٤ُ . 
1.0 ٣ 15 
1 Case (D 1 
0.35 45 
Case (D iê | 
ل‎ 
H.= 7.0m Ha= 4.5 m 
Ab = KH = 227.0 = 15.4 >10 | Ao= kp چ‎ 48 = 15.4 <10 
2 2 
2000 2000 
1 ıı = Px § = 807.75 «0.12 = 96.93 kN.m 
MM - 96.93 _ . € _0.12 _ use, ID. 
e B = 807 2E 0.12 m e =0.12 < 0.5 
4 1ے‎ 0-0.1 0.9 USE, ECCS Design Aids Page 4—23 
P 
u _ 807.7510 _ دفو‎ 
KF, bt  25+350+*1000 
P<1.0 $, P10 
My  _ 96.93 «10 _ 0.011 


Fubt”  25«350*1000 
As AF= Ws bst=P4 F10 % Ds» =1.0 „ 25 „10 » 350«1000 = 875 mrê 
As = As+ Aې‎ = 1750 mm 


As. _ 0.26+ 0.062 maz b»t 
100 


25+ 0.052 )16.40( + 350 * 1000 = 3677.8 mrî < A8 a: “ O0.K. 


As-A$= 1750 mî 
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Drawing Arch Girder at axis 8-8.‏ 
عند رسم ال 4٣۸ ٥٣de‏ عند 8-8 اده الاحمال عليه غير متساویه لذا عند 
تحدید ارتفاعاته لن ینفع أن نضع أحمال 1N‏ عند کل ۸٥0ل‏ 
لذا یجب أن نرسم ال ٥٣۸٤‏ الحقیقی اولا ثم نحدد الارتفاعات 
على أساس أن نفس النسب بين الارتفاعات هى نفس النسب بين العزوم الحقيقيه 


264.25 264.25 


109.45 109.45 ١ 109.456 
89.775 89.775 


2 25 25 25 25 25 265 25 20 25 
807.75 807.75 
Pp‏ | | | | | ل 1794.9 
3826.4 لاا 
4372.3 4238.2 ˆ 
4.0 3.87 3.50 


My = 4372.3 kN.m > h1 = 4.0 m 

Maga = 4238.2 RN.m > ha= 3.87 m 
Mga= 3826.4 RN.m > h3= 3.50 m 
M4=3141  RN.mج>‎ h4= 2.87 m 
Mg=1794.9 RN.m > h5= 1.64 m 
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Example. SSS SE 


0 e e َ 


Choose a convient system 
It is allowed to put columns 


only at axes OD @.@&Q@ 
Draw Plan and elevation. 


Weak Soil. 


0 ۵4 ®0 @ 


۴ ۲١ یتم عمل فواصل تمدد فى الاتجاهين كل‎ 
Determinate system رlaڌخÎ لان التربه ضعيفه فيجڊ‎ 
Real Hinge and Roller Je Jaa simple girder رlتخiف‎ 


90.0 


Key Plan 
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.30 
یجب أن یکون ال 0٣٤s‏ مم ںی 


Determinate Girder ùوڌy‎ Jآکل‎ 


2.0 cm 


 —_ = 


کک ی ن ن س ےک 


x short cantilever 


کک 
> 
« 
N‏ 
N‏ 
N‏ 
N‏ 
\ 
\ 
\ 
⁄ 7 وو EEE‏ 
/ 
/ 
7 \ 


ا 
€ 1 | 
o‏ 8 
٣ ©8‏ 
١ N‏ 
| 
\ 
\ 
< © 
© 
™ 
N i‏ 
N‏ 
1 
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Example. 


> 


Elevation 


لے لص 90 ا 


Plan 


IF we want to construct a walk bridge between two buildings 
at the Fourth Floor. 


Choose a statical system and draw concrete dimensions 
For the system in elevation , Plan & Side View. 
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Example. 


@ 


0 .6ل 1-6.0 6.0ل 6.0 ~1 
418.0 


ا وو ي 
Sec. (A4—A4)‏ 
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Arch slab Ws 


کے ا۸ واا 


2 
X= AF 


Beam B 
WU= 0.W.F+F2 Y 


R=WxS 


Fp F F F ۾‎ 


Arch Gurder 


H 
| ھ‎ 
F=R+ 0.V. (Arch Girder) x OL 
Tie — T (Arch Girder) + T' (Arch slab ) 


= 0.95 Mo + X „XS 
H 
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Example. 


لس ص.10 ہا 
Sec. (B—B)‏ 


لے رص 0ق ا 
Sec. (A4—A4)‏ 


Design the system at axis (î) 
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Beam B e 
W= 0.W. + ( WUrib ) k COL مال 6 لال0 .6 سا‎ 6.0 


R= 0.45 wS 


Ws 
Arch slab سے‎ 
X 
J = Ws XX Wl i س‎ 
8h y ا‎ 
چ‎ 
کک‎ 21 W1 kN/m 
W1 = 0.W. + e a 
R= 0.45 W1 * S R1= 0.45w+*S 
F  F 
1 F 1 


F 


Arch Girder at axis 1—1 


Fı R+R,+0.W.+Q0 


F 
Tie = T (arch Girder) + T' (Arch slab) 1 | | | | 
- 0.95 ¥ + X «S5 
H 
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Reinforcement splces in Tre. 
. و صلات التسليح فى ال ع7‎ 
. المفروض أن نعمل وصله فى سيخ الحديد‎ ۴٠۲, اذا زاد طول السيخ عن‎ 
و فى ال 70 يجب أن يكون نوع الوصله باللحام أو وصله ميكانيكيه.‎ 


Welded or Mechanical splices. 


ای لن ینفع معها وصلات بالتراکب می م14 


الوصلات الميكانيكيه Mechanical splices.‏ 
يجب أن لا يقل قطر السيخ عن 1مم 

و يستخدم معها جلب من الحديد الصلب مواصفاته لا تقل عن مواصفات الاسياخ الموصوله 
كما يجب أن لا تقل مقاومه قطاع الجلبه عن ٠,۲۵‏ مره ل ر٨‏ للاسياخ الموصوله ٠‏ 

و الوصله الميكانيكيه لها طريقتين للتنفيذ : 


. بقلوظه الاسياخ من الخارج و الجلب من الداخل‎ -١ 


۲ - بضغط الجلب فى مكابس خاصه على نهايات الاسياخ ذات النتؤات . 
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و الوصله الميكانيكيه لها طريقتين للتنفيذ : 


. بقلوظه الاسياخ من الخارج و الجلب من الداخل‎ -١ 


تنتقل الاجهادات بين الاسياخ بواسطه الارتكاز بين اسنان قلوظ السيخ و اسنان 
قلوظ الجلبه ‏ 


0 ® 


N 5 @ 8 


N 


O ۶ ا‎ 


7 7 


۲- بضغط الجلب فى مكابس خاصه على نمايات الاسياخ ذات النتؤات 
r‏ الاحتكاك بين السطح الداخلى للجلبه 
) چ 
DD‏ 


2 
EERE 


سیخ حدید 


Welded splices. وصلات اللحام‎ 


يجب أن لا يقل قطر السيخ عن ٦مم‏ 


۱- یستخدم لحام کهرباش . 
۲- يجب أن يكون محور السيخين الملحومين على استقامه واحده . 
۲۳ - يجب ان لا تزيد مساحه الاسياخ الملحومه فى قطاع واحد عن ۲۵ // 
و باقى الوصلات على مسافات طوليه لا تقل عن .۲ مره قطر السيخ الملحوم . 


الطول المطلوب للحام ae‏ 
QR‏ 
ا 

sna 

وصلات اللحام بالتراکب سياخ اضافیه 
CECI‏ 

N 
الطول المطلوب للحام الوصله ي‎ 


N 


| اا 
وصلات اللحام بأستخدام أسياخ اضافيه 
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